
Electricity and Magnetism: PHY-204 Fall Semester 2015

Recitation on electromagnetic induction

1. A uniform magnetic field B⃗ pointing downwards exists only in a thin columnar region

of radius b. A positively charged ring of uniform charge density λ is coaxial with this

column. The field is switched off slowly at a rate
dB

dt
. Note that

dB

dt
< 0.
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(a) What happens to the ring of charge?

i. It will start rotating in the clockwise direction (as seen from above).

ii. It will start rotating in the anticlockwise direction (as seen from above).

(b) Find the total angular momentum L imparted to the ring when B⃗ has dropped

to 0. First find the torque τ exerted on the charged ring due to the changing

magnetic field.

2. We have two infinite, thin sheets, each carrying a uniform current of sheet density κ

(where κ is in Amperes per meter). The currents are in opposite directions, as shown

below. Copy the diagram and mark the direction of the magnetic field due to this

current distribution on your diagram. Plot the magnitude of this magnetic field as a

function of x. Calculate and identify the maximum and minimum field on your plot.

Explain your reasoning.
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3. A U-shaped wire is made up of two parallel straight wire segments of semi-infinite

length placed a distance 2R apart and a semi-circular segment of radius R connecting

the straight wires, as shown in the diagram below. A constant current I passes through

this wire. Using Ampere’s Law and the Principle of Superposition, find the magnitude

and direction of the magnetic field B⃗ at point C, the center of the semi-circular segment

of the wire.

You are given that the the magnetic field at the center of a circular loop of wire of

radius R, carrying current I, is
µ0I

2R
.

I

C
R

R

4. This question concerns the Hall Effect. You have a battery with known emf = K, a

sensitive voltmeter, and a slab of high-resistance metal in which the mobile charges are

electrons with mobility u; there are n electrons per cubic meter. The metal slab has

length L, height h, and width w. You also have low-resistance wires that you can use

to connect the components in the accompanying figure together. There is a uniform
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magnetic field pointing up throughout the region where the slab is located, produced

by a large magnetic not shown in the figure. The goal is to figure out the magnitude

B of this magnetic field, using the available equipment.

(a) Draw wires on the diagram to show how you would connect the equipment.

(b) Explain in detail, including appropriate diagrams, how you will determine B, and

give an algebraic expression for B involving the reading ∆V on the voltmeter and

the known quantities (K, u, n, L, h, w).
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